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(57) Abstract: In the basic form 
of merge processing, one of a sort 
processing, one sorted data string 
is output as a whole on receiving 
a pair of two sorted partial data 
strings. Conventionally, a high 
parallelism of this processing has 
been considered to be difficult A 
method for dividing a sorted partial 
data string pair into a plurality 
of segment pairs, if invented, 
would allow a high-level of merge 
processing to be performed even 
in a homogeneous-configuration 
parallel computer system such as 
a tightly-coupled multiprocessor 
sharing a main storage. The basic 
of merge processing is to receive 
a pair of two sorted partial data 
string and to output one sorted data 
string A method for sub-dividing an 
input data string pair into arbitrary 
data string pairs from the first part 
of the input data string pair while 
considering the magnitude of the 
key value has been invented. This 
method, if executed, enables a data 

string pair to be merged at a parallelism k if the data string is divided into any number of data string pairs, for example, k data string 
pairs. When merging a data string pair in descending order (merging it from the first part thereof to the last part and outputting 
it from the first part to the last part in the output area) and in ascending order (merging it from the last part to the last part and 
outputting it from the last part to the first part in the output area), the merging can be at parallelism 2k. 



A. ..6 CONTROL INFORMATION UNIT ATTRIBUTE INFORMATION ON 
DATA TO BE SORTED 

B. ..4 MANAGEMENT UNIT PROCESSOR FOR MANAGEMENT 

C. ..2 DATA STRING PAIR DIVISION UNIT PARALLEL PROCESSOR 
FOR DIVIDING DATA STRING PAIR 

D. ..1 MERGE UNIT PARALLEL PROCESSOR FOR MERGE 
PROCESSING 

E. ..5 DATA UNIT DATA GROUPS TO BE SORTED AND THEIR 
STORAGE AREAS 

F. ..3 SORT UNIT PARALLEL PROCESSOR FOR SORT PROCESSING 
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mmftmtkw-vi*. ^*&mnfc2o?>-r-*?y©*j- (d x , n) t (d 2 . n) # % eu^^ 

-*?U (D 1X , nil ) t (D 21> n 21 ) (Dttb. 

nftT—irm (D 12 , n 12 ) i: (D 22 , n 22 ) (DM tC 2 ftm&tffc. t §\ 
25 (fP^— ^JIJDi j t D 21 ^ScO-r— *<E>3— ttO/h^V^) 

^ (M^f— ^mu 12 tn 22 <D^m<D7 : - 9 <d v 

n 11 + n 2 i = 2x, n l2 + n 22 =2n — 2x 

ftfS.iL U&tttUf &£>ftV^ 0 ii-CxttD^ D 2 <Dm&frb&Z-tz.7 t ~9?m<D7 t ~- *&<D* 
30 #ofa?;fe5o 
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tflxff, 1 0 0 0iOi^f-??W^U x = 3 0 0 t x = 6 0 0 <D 2 @©5>f (Jftfls«r 
^-f-^W'&tl-f-^IC^eOO, 6 00, 8 0 0©30©f-W{ (D„, 
n n) . (D-21. n n ) } { (D 12 , n 12 ) , (D 22 . "22) } { (D 13 , n 13 ) , (D 23 , 

n 23 ) } izftm&tiz* -©i^ m?— ymfrbs oo&n<n i f—9<D*—m. 

5 (D 1X tD 21 0*I©f- **Htta>'hSV\*r) i: 6 0 l#Btf>-r — fit (D 12 £D 22 

CO^lH5©=5r— -(iSO^:#(/^) ,12 0 Of l©f-^©*-it 12 0 l#SWf-?©^-f 

10 ?!l*r^©^«*s|l5lT?# So 

^tl^tt n||Cf-^^e)^2 o©SE * W D ! t D 2 U , m'r—tm* (n/k) 

fli^Of*— ^^'Jfi 0 tf>P> k-l (DT—??m^-X-1%7£1rZ a t.K.&'r— ^©tegfi, "r—ffUM 
15 aJSrO^Lf-^ftlciroiiaB-rs^fiMt-CMi-S. rotfi^HD^ D,4»©f- 

20 i-ft^*>, ^-^^J#^i(i=0~k-l)O^-^^M^^ti-5iEJIR^O^«, D,iD 2 
<Dtt«8*»fe (n/k) (i)*a<Z>x-* ^ri^v •? (D^r—ZWcDifeffi, -ftefrhmtiUmtf (n/k) (i) tf>/& 

e,*tL^tL(n/k) (i+l)jjfltf>7*— *jW$q£i-*7*— *#l©5|c«, *»-t-ntf»«SMS**(n/k) (i+l)-l 
25 (D&b-f-Z. 

<B||#&©*g-> 
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f*— *Sfcj&S2(n/k)+2. 4(n/k)+2, 6(n/k)+2 % • • • 2(H) (n/k)+2 i:^5f-^?lJ*f^Wt5. 

*$t/&S2(n/kK 4(n/kh 6(n/k), • • • 2(k-l) (n/k) £>x— SrG&V^c^ <0 

5 ^^-^wo^gcom^-e^So 

sio .msmmm. (*>svh±«0>#jms) at(n/k) s 2Wk)> 3(n/kh • • • (k-i)Wk)<D 
s 1 1 : n t kD,mnfmmfmmiki kjk^ si o -v^iamw^mm^mmm^n^-t 

10 5„ 

S 1 2 a : DjajirDzU)©^— liS5riti|!J-r§o 
s l 2 b : :MnBB«**U»J1-*. 
15 ( 1 ) mW<Ditmxmmt^^^h S 1 3 a 

(2) :*:/hB8flWSi8eteUfce>S l 3bC»8t«. 

(3) *«j©Jtttt?iP5#*s«fL</j;VN*fr, *fcf4 2HB«*©tt«fr*/hBB»*S«iU«iV>li 

-rs (s i 2 c ) e 
20 si3a ^mw^mmk ^&m*mt>z> 0 

25 ^f^niiDf- *£l|X^b*: 2 007 s — D.tDjtiSfeS. M0 0 4 8^#?r 

WfcU ^^-^?ijO^-^0^/h^^%^bTx— ^?lJ^*^Ox— ^^C^2(n/k). 

4(n/kK 6(n/kh • • • 2(k-l) (n/k) k Kb?— P&KD^im&jRlbZ,. SiTX'itm 9 *&mt 5o 
S 2 0 :^J^O#Jlii(<£<Dig|MI) t Lt, ^n^n(n/k)-l x 2(n/k)-l, 3(n/k)-l, • • • (k-1) (n/k)-l 

30 s 2 i : d, k D 2 i&<Dftmmmm&m i £ j t k s 2 o T-;tJ6fc^Miigo*i^i£S:^jrr5o 
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S22a : D^i) i:D 2 (j)<^^— -fit^Jt^i-S. 
S 2 2 b : ^c/hBBfffrWJ-t-S. 
5 (1) JBrtOOtttra^WbWjlfcS 2 3 atC^-lfti-So 

(2) */hB*#R*SL;fc&S 2 3 btC^«Ei"So 

(3) HDO«s«tJlt#f t< ftv^ **:H:2iai^l*OJt«^/hB8«iSR<KbJ!fcV>» 
£\ Kt©*#v>*©»flM(t»c l *1)Uz., /h*v^©»«tt*»6> l Sr§lv>T s 2 2 fc£«r*-*. 
S 2 3 a : i t j «:*#jft©»« £ U&3fc|**>S. 

10 S23b : ^c/hHfllAsaE'ft-r*EfWi:a«OJt«Jftf^o*f*-7 f — ^ t f, /hSv^HttRliSSrJttt 

* © ^ %a©tt«*a ^%ii^o 
hi ottte«fc«0*i$*t;fc. **t j eHiofl©»cia«r&tpTiao2o©7*— ^wt^-ro bio 

15 (a) ttjEMft«0!>ttA0ft£M®tt91BU Bio (b) ttttM^ote&^£¥)H®K91 

m> m i o ( c ) ttffl*©$HHtt*&*-r. 

D 1 : (1948, 1868, 1862, 1148, 740, 620, 588, 256, 112, 100) 
D 2 : (1996, 1992, 1966, 1694, 1544, 1448, 1182, 432, 254, 30) 
(M0 0 5 9) <1EJm*<Otk&<Dlkl£> 

20 (i) y—*fmm*h5iia>7—**m*iz*—*wt>mtttta>&*iAi:k&. fmm&m 

i , j *cr(Ott«rRJ&f *o i=j=5 bteZ. 

(2) D,(i=5)=620 £D 2 (j=5)=1466 &itmirZ> a 1466 V^"C % i=i-l=4, j=j+l=6 fci"*, 

(3) D,(i=4)=740 £D 2 (j=6)=1182 *t*Mrr&. 1182 V^tf, i=i-l=3, j=j+l=7 

(4) D!(i=3)=1148 £D 2 (j=7)=432 ^VcMlrZ* 1148 V^-? N r-C*/h§^©Kiite ; S: 
25 IBUH-So 

(l) K3ElifJ&©ifcifc^©;*:#^ 1148 t li82=£rJ£ifcU *co/h£v 5 1148 # 
CO^ti--5. l&jmmmZ 1148 (DSD3©JtUtB#-efoS 432 <Sr#5„ /«C*3, —*©**3ftS*UM 
-Tftkf, «rffl^ 2x5-3=7 £ tXM©M}ISI&*«)5r t fef 5. 

30 <a>«M>ottjftoft£> 
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(2) D!<i=4)=740 £D 2 (j=4)=1544 itffcf -5 1544 V^T, i=i-l=3, j=j+l=5 fc 

5 (3) D,(i=3)=1148 i: D 2 (j=5)=1446 £ £J£$fc-T<5 <t > 1446 tfS^^CEn? i=i-l=2, j=j+l=6 t 

(4) D!(i=2)=1862 £D 2 (j=6)=1182 t &toMttZ> t , 1862 riS*:^ V^O"t?*/hBB«^SI5Ufc - 

(5) Ki|El!frm<ftJfc$£TiitO/h£^ 1148 t 1182 SrJ^btfiEU. V^0> 1182 3. 
10 1182 (D^oy^m^^y 1 — * 1862 £#5 0 I8:?g0 0 5 9tf>5t£fflV\ 2x4-6=2 

ftiL<0#J£IH 1 1 (a) (b) (d^fo Hill (a) {i, n=12, k = 4, n/k = 3©^ 
T*fo5o Ell (b) li, n=10, k = 5, n/k = 2€i^fc5„ :KD#J<E> <fc 5 $MM 

is ^WMfctfo-cv^i^jfrgo tfoott, m&kHr*Wt1t°r z. t S8«*)*»*. 

(1) 8&*©**l>»& 

25 -v f A^t/jJ5f ? -^^^^{c:#< ©BMMrKUfcv\ 

(2) »|||:^Rg©^^5i^ 

(a) 5>fiJ*f(OSt^^W<0^^a^ 
k Mfc^W-r 5*S"C*** t ?£ 3 ^**U*f<DEiIi#-S§-aS k / 2 {CifiV ^^"C, D j * *if±D 
30 2 «>SI«^*tt, »«i^rff*-^W©*ai5ia»c*oTJ:5^<*'h§8«^R*^5»a-» ^ 
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(b) -ftto-fffi^a^/SS^V^-g-t^/hK^^S^b^VN^ 

©y7M)x7 (OS) m|a*ii*ttS^n^9A©t>i:oiU-C»*ttai:#*.fe*t5. 

HI 2l4&?ij2#*-7-v ? y- hftClffltfc»*©7n-ft- b-?3bZ> 0 ^<D^\-i.%)Wi<D 
jfci3, Ell 2/4*1212 £g#5giJ#{4S 4 btS5btS6 btfeS. 
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if * © ® I 

- -y fcta**? srfc«r#tsti-s 3few^ - ; y y - h Masim, 
io 2. as#7*— ^©afSrifl ?> s-cejtt^B&ia-v— i?y— vmttnzf^^y^\^fi^i^MSL 

i ib^om^j-v— y y- h&a^go 
15 3. ffi^ftr—?mM^M'ti^i$vx2<><D7v±vv&my%xbti. 

£rfirV\ *2©^n-fey-mi£)K#£- (auia^x-^^O^r— fl[«>/h$vH|goNM»&*#v> 
^•{cirj^o -c-v— ^a'Srttv \ Btrfeffi;^^© lit©* $ v Mi©*** v *Jf\£fat>*o T 
20 WK:ffi**»#iitf) w^*#mti-5lt^2|B«i©3^U^--v?y-- HMa^S- 

4. flfiE$HHaH*fclyC TKOSI «rlfctl fctrWti: t« «*« l Et©^-j? 

y- hMa^e 0 

' ♦^TT*ten{@©^-*A»b&5lE?y&^-*?UD£- (D, n) t?*u 2orof-??iJ^l: 

25 UfcfcOSr { (Dl n) , (D 2 , n) } tmU-tZ* 

♦«E?U*f*-^?U# : ( (D x , n) , (D 2 , n) } W*7 1 -9Vm : { (D llf n ia ) , 
(D 21 , n 21 ) } i: { (D 12 , n 12 ) , (D 22 , n 22 ) } IC 2##J£*Lfct fc, 
* ?U D , , h D 2 ! ©^m©^— * © *©/h $ V 
^ (SU^- 9 M D i 2 t D 2 2 ©PSP©^- * tf> *Hjt© * # V xjj) 
30 *5fi£5i-rsi:*(c. 
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n 11 + n 21 =2x, n 12 + n 2 2 = 2 (n — x) 

10 ttrlSS»fc»SMfr5*- * 90 tc ^tt^ n i? 9 S T 5 IS 2 * ^ y i , 

15 ft JpttK* $ tifc»©ai^f- * 9IJCOM td^iJi" 5^4^f^i, 

mum 7x<rvzf*m'9 mr* Tvzft&mz.z mm-?-*? y - h *aa^&. 
fiu w±f4ioo^?ij7 f --^?ij^xLe>n-5^{-3Sffl^tb5fc^'C\ 2^±.<omjm 

?— 9 7L h M 1 * *r y ? 1>*b fg 3 * <t y fWiiP^mx £> 5 . 

i o©^— *wtefcofca«re»5. 2owg9ijj6^-*?ijtfs#;tbft5^j:m4*-r * 



30 kit, miB*7;*ify^fc::tev*T»u©^n*yiH;^ 
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f—9n<n>n (D x , n) t (D 2 , n) flS % tt^*— { (D^, n lx ) , (D 21 , n 2 
x ) } U&f—9m: { (D 12 , n 12 ) , (D 22 , n 22 ) } 2 £ *lfc t £\ 

10 2S *fllD 12 iD 28 ©BK«©7 tf '-*©*— ffl©*#V^) 

2:*t£ % n ai + n 2a =2x, n 12 + n 22 = 2 (n— x) s&Sj5fcS£"$-3 0 
mjxtt^f-?^ { (D aa . n xl ) , (D 2a , n 21 ) } ©5 s — **©i£#©in?*> 
5, n 11 = n 2a ©^S-©D 11 i:D 21 ©x— ^mt?tfe5 0 

15 8. hum 4^fyyi:LT Tm<vmm zmx-z^t t-rz 5 um^m^— 

(1) aEW«9*-^W©#: { (D lt n) , (D 2> n) } *r k»©KW»fc»«i-«J»f^tt, 
20 Cl©»*\ S^7*-^^J*r : { (D x , n) , (D 2 , n) } ©ktt©KM»~©tt3MMIHlJliri, 

(2) x— ^yy*©?*— riMttmmmrcmitr&o - oi»r- ??ijD,tfcttD 2 ©^st*— 

»3jre7©xl45*-*©«*art-fc©;£i6^ x Offi g #«:*g«fit[ t fLtCf t 7 s - *3?U 

25 ©49ta»e>i. 2, 3tMtx + if irof-^^tctic^s, 

$ felHf*** 7fn n = n 21 ©»£\ r-^ic5r*i-S: n„ = n n = x f±3feBRA» e>**.f x 
*B©5*— It^ffi-cmxLfi x - 1 ©x— *<£g3SD , i D 2 ©^-fiJ^#-Cfc-5 ;t$:iLT^ 

(3) ttttoMC 
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u-cwiex*-»^ i ooo om-rr><Dv ! -9jm* i o o oito©f-^wi oe 

@Hc##j-r6#'§\ fll&fc Lt© x = l 0 0 0 , &WtiA04OJU*M(K:H: 1 0 0 0, • • 9 0 0 
5 — ^JUDjOMWfc i aWti-y— ^©*— Itfc^— *WD a ©J»BHEIIk j *© 

♦«D!jo]t«-eD i mf-^o*- Uti D,o«l«[ j ^If-fT 5 -*©^- 

-fiSir^^Lv^t §\ ftfftft i asjfrTf*- * £ j /J^-T^- * ^ix^it^mm^ b ir 

15 S^fy/t, 

♦D,©Wii #^7*-*©*— I^DiOffifSKj ^sjgi-^— IlltoW©* 

lWia©Jt«*f^^*3it 5 D a©*— «t D a ©*-«© 5 *>©*£V^f t , ^©JfctHfcm-SStt 
5 D x ©3r~fi£ i: D 2 © M© ft©*: £ v vfc t £J£i& Lt, /h £ v ^© — -lit £• t> or- 9 
20 fJ«*t-rSfc#^ ^^x-^©^?0©itiKW^flll^©^#ti--5^7 i y7 P 

7— * #l*t©^gB©<fi:e©&:£K/B V > £ o 

25 h*aS^fifeo 

(1) mimf-ftta** : { (D lf n) , (D 2 , n) } & ktt0BK#|C&m'*-*ltfm, 
iSf-r— *?U©=*— ^©^hSr^JtUTDi i: D 2 ©S9A^»tfcf>- *#©-frffhfl*2 x £#5 2 
##J&f^£, x©fiff«r^^Tk-lii«5^f o Zb bmabKZo 

w©J:5f-^«Crts IMiSf- *?U©*|- : { (Dl n) , (D 2 , n) } tf> k|l©gI^O 

30 m&&mm\*s i&^itm*^7<D&wzmtzi-T-*m<»2ftm*mizm%&zbtiz> 0 
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s tz.m*m 7©x * ©flsgtfc^ x ©ia g ft^^ne t jt,&-r t 9 n<o%m^ i , 

2, 3 tSttx + ltl©f- ??rflt;t('45. 
5 ^blCft^T-enx^nz!^^ n x i = n 2 x = x Ii5fc^ kftX/C x# @ ©7*— if 

t u-csftiBx- 1 *kj£ (^jx.fii ooo o<@-f i<D=r— vmn* 100 O^-focOT*— 
io io um\z.ftm-rz>m&, m&k Lt©xwi iooo, ^wmwi^mmmm^n 999, 19 

9 9, • • 8 9 9 9£iS:£) tS^ry/i, 

20 ♦®*D©Jfc&-eD 1 ©tg£l£jB[ i #}g1-7*-*©*HK4:D a ©*g«£Sfc j asfg-f-T*-*©*- 

♦ D a i dsfi-fv*- * © *Hii * ««D 8 ©ffiBSft j /i^-T^- * © t ©ra 

©7c/hBa^StllH]©7<:/hM#^^jS»$E (2lsJi©iti{jmi^-C{4^LV^-&'bSifei:^^-1-) Lfc 
25 gtJlsI©it|{J^^*5ttSD a ©^— -liti:D 2 ©^— fit©5*>©/h$l/^^ 4-@©it«*f^ 

9 *ftmm.Rt-rz>kmz^ ^^-^©^^©^^^^©^t-rs^^y^ 

30 
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10. 2 m.<DWpm?~*n<oi$*mk<nmi\ft7-9jm\z.nftm vx&Momm^- 
mM^ti^mm^it^xm^.m i <D7*-??mxtm2 <Dy— ^?ij©^sriM^9s^r 

Afru 

^l^-ry^i, 

anBuafcowa-f — * *u h^k^ p * y « n % -c s $ 2 * y- y ^ t » 
=f y xa, y * y — h mxmmtm&fr om^^y^t. 

gp#y*— ?3f)W-5>y- hJ8©A/jy*— *?U©*tfco< "9, ffifenftMgiWrOiibXZti^ti 

#fc*Lfc-r— i?y— h a LT^ot y9-»S:i "J !? ^T51 6 y. y- y , 

25 Pi <9 S X tbtitczfv -fe y iHc <t <Q t&miCT- iSfamZft ?B7 X7 yf t , 

t - ztitiT—? m& ttfie^-r— 9 n t l t ttresfc 4 y. 7 y ^2 ituiEm 7 ^ y y ^ 

Srlfcflig-t-^xyy^ fcim^S/cfecD^pj/yA. 

fit, ^±ttloo*SE?U7 f --i5'W-¥^^n'5^{ciSffi$ttS 1 b©-e, 2o«±©S?iJ^ 
f-^W^i^nS 4§-g-l*SfS 1 * y 0 3 y y y ^jgttJFK-e 5 0 
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